Determination of Total Urinary Protein by Combined Gel Filtration and Automated Biuret Reaction Karl Doetsch
Gel filtration was used to remove non-proteinbound substances that interfere with measurement of urinary protein by an automated version of the biuret reaction. Nearly 98% of the protein was accounted for, and accuracy and precision were acceptable. Interference from bile pigments or hemoglobin pigments can be eliminated, and specificity is increased. frequently requested of the clinical chemistry laboratory, one reason being the increased number of patients with renal transplants for whom total urinary protein is determined as an index of immunological rejection (1) .
Additional Keyphrases AutoAnalyzer
Available manual methods are cumbersome and inefficient under clinical laboratory conditions. Concentrations for total urinary protein vary widely, and numerous interfering substances prevent direct analysis by the biuret reaction (2, 3) . It has been necessary first to isolate and purify the protein, usually by precipitation (4), and to determine a blank correction (5) . Turbidimetric methods have also been used (6 
Materials and Methods

Apparatus
Reagents
Biuret reagent (7) . Dilute the stock biuret reagent (Technicon, product No. T01-0059-08) by 2.5-fold.
Blank reagent (7) . Dilute the stock blank reagent (Technicon, product No. T01-0127-11) by 2.5-fold. CaC1,, 10 g/100 ml. NaOH, 10 g/100 ml. K2HPO4 crystals. Sulfosalicylic acid reagent, 20 g/100 ml. 4 . Notes. Because bile pigments and hemoglobin pigments absorb strongly at 550 nm, they must be removed before analysis (9).
BILIURIA.
If the urine specimen gives a sulfosalicylic acid screening test result greater than 2+, dilute with distilled water and use in the next Step. To 4.0 ml of specimen add 1.0 ml of CaCl2 reagent and mix. Centrifuge and use the Supernatant fluid in the preceding procedure, starting at part 2, above.
HEMOGLOBINURIA.
If the urine specimen gives a sulfosalicylic acid screening test result greater than 2+, dilute with distilled water and use in the next step.
To 4.0 ml of diluted specimen add 4-6 mg of K2HPO4 crystals. Mix until dissolved. Add 1.0 ml of the NaOH reagent, mix, and heat on a boiling water bath for 10 mm. Centrifuge and use the supernatant fluid in the preceding procedure, starting at part 2, above. that enhance the biuret reaction can be bound to the protein and result in a falsely elevated determination. 2 The gel filtration chromatography portion of this procedure must be carried out in successive steps and care must be taken not to let the columns dry out. 
Results
The fractionation patterns resulting from gel filtration of a highly pigmented urine and of protein standards in saline (NaCI, 9 g/liter)
are illustrated in Table  1 . Protein recovery from standard solutions ranged Additional studies, currently in progress, will be reported. Fig. 1 . Flow diagram for automated determination of total urinary protein from 93% to 98% (Table 2) . Protein, 2 mg/ml was added to a previously analyzed urine specimen and 98% was accounted for.
Six urine samples were assayed for total protein by the gel filtration method and a trichloroacetic acid precipitation method (10) (Table 3) .
The 250 mg/i#{174} ml protein standard gave an absorbance reading of 0.160. Beer's law was obeyed for samples containing as much as 500 mg/i#{174} ml of total protein. in an effluent fraction suitable for automated biuret colorimetry, for which the flow diagram is given in Figure 1 . Recovery, accuracy, and precision were acceptable.
Discussion
The gel filtration method is superior to a trichioroacetic acid precipitation method (10) for determination of total urinary protein.
The higher results obtained by the TCA precipitation method for urine samples with high protein content may be the result of nonspecific substances in urine that enhance the biuret reaction (11) and are co-precipitated.
The lower results obtained by the TCA precipitation method for urine samples with low protein content may be the result of incomplete precipitation of protein.
Because gel filtration chromatography is indepen-
